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' METHOD FOR FORMING A METAL SUICIDE LAYER IN A 

SEMICONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED APPLICATION 
This application claims priority under 35 USC § 119 to Korean Patent Application 
2003-14406 filed on March 7, 2003, the contents of which are herein incorporated by 
reference in their entirety for all purposes. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a nnethod for forming a metal silicide layer in a 
semiconductor device. More particularly, the present invention relates to a method for 
forming an improved metal silicide layer in a semiconductor device having an N type 
metal oxide semiconductor (MOS) transistor and a P type MOS transistor. 

2. Description of the Related Art 

In a semiconductor device having rapid processing speed requirements, certain 
regions of the device, such as an active region and a gate region, are fomied to include 
a metal silicide layer. The metal silicide layer operates to decrease the contact 
resistance of the region. The metal silicide layer may include a compound of metal and 
silicon, for example, such as titanium silicide (TiSi2), platinum silicide (PtSi2), lead silicide 
(PbSi2), cobalt silicide (CoSia) or nickel silicide (NiSi2). 

As the design rule of semiconductor device continues to be reduced, the metal 
silicide layer has become indispensable in the semiconductor device. Since the margin 
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for forming the metal silicide layer becomes increasingly narrow as the design mie is 
reduced, the process for forming the metal silicide layer in the semiconductor device 
becomes more difficult. For example, when a cobalt silicide layer is formed in a 
semiconductor device having a critical dimension (CD) of about 90nm, the margin for 
forming the cobalt silicide layer becomes extremely small. As a result, the cobalt silicide 
layer may not be stably formed on a gate electrode and source/drain regions of the 
device. 

To overcome this limitation, it is necessary to broaden thearea of the metal 
silicide layer formed on a gate structure. To accomplish this a method for concavely 
etching an upper surface of the gate structure has been developed. In another 
example, a method for increasing the exposed portion of the gate electrode formed in 
the metal silicide layer thereon has been developed. The exposed portion of the gate 
electrode is broadened by performing a space recess process on the gate stmcture. In 
this space recess process, an upper portion of a space disposed on a sidewall of the 
gate electrode is partially etched to expose the upper portion of the gate electrode, 
which includes polysilicon. The area of the metal silicide layer may also be broadened 
using the space recess process. 

FIGS. 1Ato 1E are cross-sectional views illustrating a conventional method for 
forming a cobalt silicide layer. FIG. 2 is a flow diagram illustrating a conventional method 
for forming a cobalt silicide layer. 

Referring to FIG. 1A and FIG. 2, in step S11. a field isolation layer 115 is fomned 
on a substrate 110 by a shallow trench isolation (STI) process so that an N type MOS in 
a first region and a P type MOS in a second region are fonned on the substrate 110. An 
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N type MOS structure and a P type MOS structure, each having a size on the 
nanometer scale, respectively, are fomied in the first and second regions of the 
substrate 110. 

First and second oxide layers 112 and 122 are formed on the first and second 
regions. Gate electrodes 130 and 140 of N type and P type MOS transistors are formed 
on the first and second oxide layers 112 and 122. respectively. Oxide layers 152 and 
162, formed of middle temperature oxide (MTO), are provided on sidewalls of the N type 
and Ptype gate electrodes 130 and 140. 

To form a cobalt silicide layer on the N type and P type gate electrodes 1 30 and 
140, a recess process is performed. Lateral spacers 150 and 160, for example fomned 
of silicon nitride, are formed on the sidewall oxide layers 152, 162. In step SI 2, upper 
portions of the spacers 150 and 160, respectively, are partially removed thereby 
exposing upper portions of the N type and P type gate electrodes 130 and 140. The 
recess process increases the exposed portions of the N type and P type gate electrodes 
130 and 140, thereby broadening the contact area with a later-formed cobalt silicide 
layer formed on the exposed portions of the N type and P type gate electrodes 1 30 and 
140. 

Referring to FIG. IB, in step SI 3, a photoresist pattern 120 is formed on the P 
type MOS transistor region, thereby protecting the P type MOS transistor region. Arsenic 
(As) ions are implanted into the N type MOS transistor region so that source/drain 
regions 142 are formed on the substrate 110 adjacent to the N type gate electrode 130. 
Here, while the N type gate electrode 130 has a small CD of below about 90 nm, arsenic 
ions have relatively a larger size and heavier weight than the CD of the N type gate 
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electrode 130. Accordingly, when arsenic ions are implanted, the upper portion of the N 
type gate electrode 130 may be defomned into a dome shape. Also, when a high thermal 
process is performed for later forming the cobalt silicide layer, the cobalt silicide layer 
may be positioned adjacent to the spacer 150, causing mechanical stress between the 
5 spacer 150 and the applied to the cobalt silicide layer. Furthermore, voids may be 
formed in the cobalt silicide layer, thereby increasing the resistance of the cobalt silicide 
layer. 

Referring to FIG. 1C, in step SI 4, the photoresist pattern 120 formed on the P 
type MOS transistor region is removed. A photoresist pattern 121 is formed on the N 
10 type MOS transistor region, thereby protecting the P type MOS transistor region. Boron 
(B) ions or gallium (Ga). ions are implanted into the P type MOS transistor region, 
thereby forming source/drain electrodes 142 adjacent to the P type gate electrode 140. 

Referring to FIG. 1D. the photoresist pattern 121 formed on the N type MOS 
transistor region is removed. Cobalt is deposited on the N type and P type MOS 
15 transistor regions by a sputtering process to thereby form a cobalt layer 170. To prevent 
the resulting cobalt silicide from oxidizing, a titanium nitride (TiN) layer may be formed 
on the cobalt layer 170. 

Referring to FIG. IE and FIG. 2, in step SI 5, the cobalt layer 170 and the 
titanium nitride layer are treated through a rapid themnal process (RTP) so that a cobalt 
20 silicide layer 180 is formed on the N type and P type MOS transistor regions. 

Remaining cobalt silicide layer and titanium nitride layer are removed using a 
rinsing solution including H2O2 and H2SO4. 

In the above-mentioned conventional method for forming a cobalt silicide layer, 
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when the spacer is over etched to a depth greater than about 300A, the silicon in the 
source/drain regions and the field isolation layer may be partially removed along with the 
spacer, resulting in increased leakage current. 

To prevent the over-etching, when the spacer is etched to the depth of less 

5 about 300A, the cobalt layer may be stably formed. However, when the cobalt layer is 
treated through a successive RTP process, an agglomeration may be generated in the 
silicide layer formed on the P type MOS gate electrode, resulting in increased gate 
resistance. Since P type polysilicon doped with impurities is thermally more unstable 
than N type polysilicon doped with impurities, the agglomeration of the cobalt silicide 

10 may be readily generated in the P type structures, though under the same conditions. 

As a result, the conventional method for forming a cobalt silicide layer by the 
aforementioned recess process does not apply well to highly-integrated semiconductor 
devices having a design mle of below approximately 90 nm. To overcome the above- 
mentioned problem, a method of forming a metal silicide layer using nickel silicide has 

15 been developed. However, the resulting nickel silicide layer has been found to be 
thermally unstable, 

Also, when impurities such as arsenic ions are implanted into the N type MOS 
gate structure on the nanometerscale, the upper portion of the N type MOS gate 
stmcture may be deformed, resulting in electrical degradation in the gate structure. 
20 Furthermore, since the P type polysilicon doped with impurities in the P type gate 
structure has inferior thermal stability, the cobalt silicide may become agglomerated 
during the RTP. 



5 



Attorney Docket No.: SAM-0563 

SUMMARY OF THE INVENTION 

It is a feature of the present invention to provide a method for forming a metal 
silicide layer that can minimize deformation to the gate structure and improves thermal 
stability. 

In accordance with one aspect of the present invention, a method for forming a 
metal silicide layer comprises forming a first gate structure and a second gate structure 
including first and second gate electrodes and first and second spacers, respectively, on 
first and second regions of a substrate. Upper portions of the first and second spacers 
are partially removed to different depths such that side portions of the the first and 
second gate electrodes are exposed by different amounts in thickness. A metal silicide 
layer is fonned on the first and second regions of the substrate including the first and 
second gate electrodes. The metal is thermally treated to form a metal silicide layers on 
exposed portions of the first and second gate electrodes and source/drain regions 
adjacent to the first and second gate electrodes. The metal silicide layer on the first gate 
electrode and the metal silicide layer on the second gate electrode have different 
thicknesses. 

In one embodiment, the first gate stmcture corresponds to a gate stmcture of an 
N type MOS transistor, and the second gate structure corresponds to a gate structure of 
a P type MOS transistor. A first impurity region is formed in the first region of the 
substrate adjacent to the first gate stmcture, prior to partially removing the first spacer. 

In another embodiment, partially removing the first and second spacers 
comprises: partially removing the second spacer to expose upper side portions of the 
second electrode; and simultaneously and partially removing the first and second spacers 
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to provide the first and second gate electrodes having the different exposed thicknesses, 
wherein the second thickness of the metal silicide layer formed on the second gate 
electrode is greater than the first thickness of the metal silicide layer fomned on the first 
gate electrode. 

In another embodiment, the exposed thickness of the first gate electrode is about 
IOOA to about 300A, and the exposed thickness of the second gate electrode is about 
lOOAtoabout 1,000 A. 

In another embodiment, partially removing the first and second spacers 
comprises: removing partially and simultaneously the first and second spacers to expose 
upper side portions of the first and second electrodes; removing the exposed upper 
portion of the first gate electrode; and removing partially and simultaneously the first and 
second spacers to provide the first and second gate electrodes having the different 
exposed thicknesses, wherein the second thickness of the metal silicide layer formed on 
the second gate electrode is greater than the first thickness of the metal silicide layer 
fomried on the first gate electrode. 

In another embodiment, the exposed thickness of the first gate electrode is 
about IOOA to about 300A, and the exposed thickness of the second gate electrode is 
about 1 0OA to about 1 .000 A. 

In accordance with another aspect of the present invention, a method for fonning 
a metal silicide layer comprises forming a first gate structure including a first gate 
electrode and a first spacer on a first region of a substrate. A second gate structure 
including a second gate electrode and a second spacer is formed on a second region of 
the substrate. The second spacer is partially removed to partially expose upper side 
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portions of the second gate electrode. The first spacer and the second spacer are 
simultaneously and partially removed to expose upper side portions of the first and 
second gate electrodes having different exposed thicknesses. The exposed thickness of 
the second gate electrode is greater than that of the first gate electrode. A metal silicide 
layer is formed on the first and second regions of the substrate including the first and 
second gate electrodes. 

In one embodiment, a first impurity region is formed in the first region of the 
substrate adjacent to the first gate structure prior to partially removing the second spacer, . 
and wherein a second impurity region is formed in the second region of the substrate 
adjacent to the second gate structure prior to removing partially and simultaneously the 
first and second spacers. 

In another embodiment, forming the first impurity region comprises: forming a first 
photoresist pattern on the substrate to expose the first region of the substrate; and doping 
a first impurity into the first region of the substrate using the first photoresist pattern as a 
first mask; and wherein forming the second impurity region comprises: forming a second 
photoresist pattern on the substrate to expose the second region of the substrate; and 
doping a second impurity into the second region of the substrate using the second 
photoresist pattern as a second mask. 

In another embodiment, the first gate stmcture con^esponds to a gate stmcture of 
an N type MOS transistor, and the second gate stmcture corresponds to a gate structure 
of a P type MOS transistor. 

In another embodiment, the second spacer is removed by a thickness of about 
IOOA to about 500A, and the first and second spacers are simultaneously removed by a 
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thickness of about 1 0OA to about 300A. 

In ac(X)rdance with still another aspect of the present invention, a method for 
forming a metal silicide layer comprises fomriing a first gate structure including a first 
gate electrode and a first spacer on a first region of a substrate. A second gate structure 
including a second gate electrode and a second spacer is formed on a second region of 
the substrate. The first and second spacers are simultaneously partially removed to 
expose upper side portions of the first and second gate structures. The exposed upper 
portion of first gate electrode is removed. The first and second spacers are 
simultaneously and partially removed to form the first and second gate electrodes 
having different exposed thicknesses. A metal silicide layer is formed on the first and 
second gate electrodes and first and second source/drain regions. 

In one embodiment, a second impurity region is formed in the second region of the 
substrate adjacent to the second gate structure prior to removing the exposed portion of 
the first gate electrode, and the exposed portion of the first gate electrode is removed 
using a rinsing material that passively reacts to the second impurity region. 

In another embodiment, a first impurity region is fomried in the first region of the 
substrate adjacent to the first gate stmcture, after removing the exposed portion of the 
first gate electrode. In another embodiment, the first gate structure corresponds to a 
gate structure of an N type MOS transistor, and the second gate structure corresponds 
to a gate structure of a P type MOS transistor. In another embodiment, the rinsing 
material includes a NH4OH, a H2O2 and a H2O, for example, includes about 1 to about 3 
by weight part of the NH4OH, about 3 to about 5 by weight part of the H2O2, and about 
1 5 to about 25 by weight part of the H2O. 
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In another embodiment, the first and second spacers are removed by a 
thickness of about 10A to about 300A, and the first and second spacers are 
simultaneously removed by a thickness of about 200A to about 500A. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present invention will 
become readily apparent by reference to the following detailed description when 
considered in conjunction with the accompanying drawings wherein: 

FIGS. 1Ato 1E are cross-sectional views illustrating a conventional method for 
10 forming a cobalt silicide layer; 

FIG. 2 is a flow diagram illustrating a conventional method for forming a cobalt 
silicide layer; 

FIG. 3A to 3F are cross-sectional views illustrating a method for forming a metal 
silicide layer according to one embodiment of the present invention; 
15 FIG. 4 is a flow diagram illustrating a method for forming a metal silicide layer 

according to one embodiment of the present invention; 

FIG. 5A to 5G are cross-sectional views illustrating a method for forming a metal 
silicide layer according to another embodiment of the present invention; and 

FIG. 6 is a flow diagram illustrating a method for fomriing a metal silicide layer 
20 according to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGS. 3A to 3F are cross-sectional views illustrating a method for forming a 
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metal silicide layer according to one embodiment of the invention. FIG. 4 is a flow 
diagram illustrating the method for forming a metal silicide layer according to one 
embodiment of the invention. 

Referring to FIGS. 3A and FIG. 4, a field isolation layer 215 is formed on a 
substrate 210 by an STI process to define a first region and a second region in the 
substrate 210. The first and second regions may be included in an active region where a 
first MOS transistor and a second MOS transistor are formed. 

In step S21 , a first gate stnjcture 220 is fonned in the first region of the substrate 
210 by a deposition process and an etching process. The first gate stmcture 220 has a 
first gate oxide layer 212, a first gate electrode 230, a first buffer layer 252 and a first 
spacer 250. In addition, a second gate structure 225 is formed in the second region of 
the substrate 210. The second gate structure 225 has a second gate oxide layer 222, a 
second gate electrode 240, a second buffer layer 262 and a second spacer 260. 

The first and second buffer layers 252 and 262 and the first and second spacers 
250 and 260 are partially etched to have inclined planes, respectively. The first and 
second gate electrodes 230 and 240 may include conductive material such as 
polysilicon. The first and second buffer layers 252 and 262 fomned on sidewalls of the 
first and second gate electrodes 230 and 240, may include oxide such as MTO. The first 
and second spacers 250 and 260 surrounding the first and second buffer layers 252 and 
262, may include nitride such as silicon nitride. 

The first gate stmcture 220 may correspond to a gate structure of an N type 
MOS transistor whereas the second gate structure 225 may conrespond to a gate 
structure of a P type MOS transistor. Accordingly, the first gate structure 220 of the N 
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type MOS transistor is formed on the first region of the substrate 210. The secx)nd gate 
structure 225 of the P type MOS transistor is formed on the second region of the 
substrate 210. 

Referring to FIGS. 3B and FIG, 4, in step S22, a first photoresist pattern 275 is 
formed by a photolithography process. The first region of the substrate 210 including the 
N type MOS transistor is exposed by the first photoresist pattem 275. Here, the second 
region of substrate 210 including the P type MOS transistor is protected by the first 
photoresist pattern 275. 

Ions of Group V elements such as phosphorus (P) or arsenic (As) are implanted 
into the first region of the substrate 210 to form first source/drain regions 232 
corresponding to first impurity regions adjacent to the first gate structure 220. Here, only 
the upper surface of the first gate electrode 230 is exposed without having performed a 
recess process on the first gate electrode 230. In this embodiment, since the recess 
process is not yet performed on the first gate electrode 230, deformation of the first gate 
electrode 230 is suppressed. Also, partial loss of the field isolation layer 215, a loss of 
which would othen^/ise result in increased junction leakage current, is prevented during 
the recess process in this embodiment. 

Referring to FIGS. 30 and FIG. 4, in step S23, a second photoresist pattern 285 
is formed on the first region of the substrate 210 by a photo process to expose the 
second region of the substrate 21 0 and to protect the first region of the substrate 21 0. 

A dry etching process is performed on the second gate structure 225 positioned 
in the second region of the substrate 210 to remove the second buffer layer 262 of the 
second gate stmcture 225 and an upper portion of the second spacer 260 by a depth hi 
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of about IOOA to about 500A. Accordingly, a primarily etched second spacer 260a and a 
primarily etched second buffer layer 262a are formed, and also the upper portion of the 
second gate electrode 240 is partially exposed. 

Referring to FIG 3D and FIG. 4, in step S24, ions of Group III elements such as 
Ga or In are implanted into the exposed second region of the substrate 210 to fomri 
second source/drain regions 242 corresponding to second impurity regions adjacent to 
the second gate structure 225. 

Referring to FIG. 3E and FIG. 4, in step S25, the second photoresist pattern 285 
is removed, A wet etching process is performed on the substrate 210 having the first and 
second gate structures 220 and 225 using a phosphoric acid solution. The first spacer 
250 and the primarily etched second spacer 260a are simultaneously etched by a depth 
h2 of about IOOA to about 300A by the wet etching process with an etching selectivity 
between oxide and silicon. Accordingly, a primarily etched first spacer 250a and a 
secondarily etched second spacer 260b are formed, and also the upper portion of the 
first gate electrode 230 is partially exposed. The exposed thickness hi+haof the second 
gate electrode 240 is thicker than that hz of the first gate electrode 230. 

A cobalt layer 270 having a thickness of about 50A to about 1 50A is formed on 
the entire surface of the substrate 210 through a sputtering process. Other materials 
such as tungsten (W), titanium (Ti), tantalum (Ta), etc., may be used instead of cobalt. 
To prevent thecobalt silicide layer from oxidizing, a titanium nitride layer (not shown) 
may be formed on the cobalt layer 270. 

Refening to FIG. 3F and FIG. 4, the substrate 210 having the cobalt layer 270 is 
treated through the RTP at a temperature of about 650°C to about 750°C to form first, 
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second and third cobalt silicide layers 280n, 280p and 280 . 

In step S26, any remaining cobalt layer that is not reacted with the substrate 210 

is removed using a cleaning solution including H2O2 and H2SO4. Accordingly, the third 

cobalt silicide layer 280 is formed on the first and second source/drain regions 232 and 

242. the first and second cobalt silicide layers 280n and 280p are formed on the first 

and second gate electrodes 230 and 240. Particularly, in step S26, a second thickness 

hp of the second cobalt silicide layer 280p formed on the second gate electrode 240 is 

thicker than a first thickness hn of the first cobalt silicide layer 280n formed on the first 

gate electrode 230. A first transistor 290 and a second transistor 295 are completed on 

the first and second regions of the substrate 210. The first transistor 290 may . 

correspond to the N type MOS transistor, and the second transistor 295 may correspond 

to the P type MOS transistor. 
« 

According to one embodiment of the invention, since the exposed thickness of 
the second gate electrode 240 is thicker than that of the first gate electrode 230, the 
second thickness hp of the second cobalt silicide layer 280p formed on the second gate 
electrode 240 is thicker than the first thickness hnOf the first cobalt silicide layer 280n 
formed on the first gate electrode 230. 

FIGS. 5A to 5G are cross sectional views illustrating a method for forming a 
metal silicide layer according to another embodiment of the invention. FIG. 6 is a flow 
diagram illustrating a method for forming a metal silicide layer according to another 
embodiment of the invention. 

Referring to FIG. 5A and FIG. 6, a field isolation layer 315 is formed in a 
substrate 310 using an STI process to define a first region and a second region in the 
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substrate 310. The first and second regions correspond to active regions formed 
thereon first and second MOS transistors. 

In step S31, a first gate stmcture 320 is formed on the first region of the 
substrate 310 through a depositing process and an etching process. A second gate 
stmcture 325 is formed on the second region of the substrate 310 through the 
depositing and etching processes. The first gate structure 320 includes a first gate oxide 
layer 312, a first gate electrode 330, a first buffer layer 352 and a first spacer 350. The 
second gate structure 325 has a second gate oxide layer 322, a second gate electrode 
340, a second buffer layer 362 and a second spacer 360. 

The first and second gate electrodes 330 and 340 may include a conductive 
material such as polysilicon. The first and second buffer layers 352 and 362 may include 
oxide such as MTO. The first and second spacers 350 and 360 may include nitride such 
as silicon nitride. The first gate structure 320 may correspond to a gate structure of an N 
type MOS transistor. The second gate structure 325 may correspond to a gate structure 
of a P type MOS transistor. 

Referring to FIG. 5B and FIG. 6, in step S32, the first and second spacers 350 
and 360 are simultaneously etched by a stripping process using a phosphoric acid 
solution by a depth hi of about lOA to about 300A. Upper portions of the first and 
second gate electrodes 330 and 340 are exposed. As a result, the first gate stmcture 
320 has a primarily etched first spacer 350a and a first-etched first buffer layer 352a, 
and the second gate stmcture 325 has a first etched second spacer 360a and a first 
etched second buffer layer 362a. 

Referring to FIG. 50 and FIG. 6, in step S33, a first photoresist pattern 375 is 
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formed on the substrate 310 to expose the second region of the substrate 310 and to 
protect the. first region of the substrate 310. Ions of Group III elements such as Ga or In 
are implanted into the second region of the substrate 310 to form second source/drain 
regions corresponding to a second impurity region adjacent to the second gate stmcture 
325. 

Referring to FIG. 5D and FIG. 6, in step S34, the first photoresist pattern 375 Is 
removed through an ashing process or a stripping process. Here, whife the second 
impurity region is formed in the second region of the substrate 310, the first region of the 
substrate 310 has noimpurity region. Accordingly, silicon in the first region of the 
substrate 310 may be selectively removed by using materials that be passively reacted 
with p-type materials doped with impurity and be actively reacted with silicon. 

In this embodiment, the substrate 310 is rinsed by using a standard clean 1 (SC 
1) solution including NH4OH, H2O2 and H2O so that the silicon in the first region of the 
substrate 310 is selectively removed. The SCI solution may include about 1 to about 3 
by weight part of NH4OH, about 3 to about 5 by weight part of H2O2, and about 15 to 
about 25 by weight part of H2O. 

Pure silicon has a high etching selectivity relative to impurity-doped silicon when 
the SCI solution is used. Accordingly, the silicon in the first region of the substrate 310 
may be readily etched and the second impurity region 342 of the second region may be 
minimally etched by the SCI solution, respectively. When the substrate 310 is rinsed 
using the rinsing solution, the silicon in the first region is etched so that the exposed 
portion of the first gate electrode 330 is removed. At the same time, silicon 
corresponding to the first source/drain regions adjacent to the first gate stmcture 320 is 
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also etched. As a result, during later ion implantation of the first source/drain regions, 
ions such as P or As are only implanted into the upper portion of the first-etched first 
gate electrode 330a. Accordingly, defomriation of the first gate structure 320 is 
suppressed, and the junction leakage current owing to the loss of the field Isolation layer 
31 5 is also suppressed. 

A second photoresist pattem (not shown) is formed on the substrate 310 to 
protect the second region of the substrate 310 and to expose the first region of the 
substrate 310. Ions of group V elements such as P or As are implanted into the exposed 
first region of the substrate 310 to fonri source/drain regions 332 corresponding to a first 
impurity region adjacent to the first gate stmcture 320. Since only the upper portion, and 
not side portions, of the primarily etched first gate electrode 330a is exposed, 
deformation of the primarily etched first gate electrode 330a is suppressed during the 
ion implanting process. The second photoresist pattem is then removed. 

Referring to FIG. 5E and FIG 6, in step S35, a wet etching process is performed 
on the substrate 310 having the first and second gate structures 320 and 325 using a 
phosphoric acid solution. The upper portions of the primarily etched first and second 
spacers 350a and 360a are simultaneously etched by a depth ha of about 200 A to 
about 500 A. The upper portion of the primarily etched first gate electrode 330a is 
exposed, and simultaneously the second gate electrode 340 having the previously 
exposed portion is further exposed. Accordingly, the exposed thickness of the second 
gate electrode 340 is greater than that of the primarily etched first gate electrode 330a. 

Referring to FIG. 5F. in step S36, a cobalt layer 370 having a thickness of about 
50A to about 15dA is formed on the entire surface of the substrate 310 having the first 
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and secx)nd structures 320 and 325 using a sputtering process. In alternative 
embodiments, other materials such as tungsten (W), titanium (Ti), tantalum (Ta), etc, 
may be used instead of cobalt. To prevent a cobalt silicide layer from oxidizing, a 
titanium nitride layer (not shown) may be formed on the cobalt layer 370. 

Referring to FIG. 5G and FIG. 6. in step S37, the substrate 310 having the cobalt 
layer 370 is treated through the RTP process at a temperature of about 650°C to about 
750°C to form first, second and third cobalt silicide layers 380n, 380p and 380. 

Any remaining cobalt layer that is not reacted with the substrate 310 is removed 
by using a rinsing solution including H2O2 and H2SO4. Accordingly, the third cobalt 
silicide layer 380 is formed on the first and second source/drain regions 332 and 342. 
The first and second cobalt silicide layers 380n and 380p are fomned on the first and 
second gate electrodes 330 and 340. Particularly, in step S37, a second thickness hp of 
the second cobalt silicide layer 380p formed on the second gate electrode 340 is thicker 
than a first thickness hn of the first cobalt silicide layer 380n fomied on the first gate 
electrode 330. A first transistor con^esponding to the N type MOS transistor is formed on 
the first region of the substrate 310. A second transistor corresponding to the P type 
MOS transistor is formed on the second region of the substrate 310. Since the exposed 
thickness of the second gate electrode 340 is greater than that of the first gate electrode 
330, the second thickness hp of the second cobalt silicide layer 380p formed on the 
second gate electrode 340 is greater than the first thickness hn of the first cobalt silicide 
layer 380n formed on the first gate electrode 330. 

When a metal silicide layer is formed in a highly integrated semiconductor device 
having a critical dimension of less than about 100 nm, the method according to the 
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invention prevents the gate structure from deforming, thereby preventing degradation of 
the resulting semiconductor device. 

Also, the method of the invention helps to prevent junction leakage current 
caused by loss of the field isolation layer 

Furthermore, a metal silicide layer having sufficient thickness is formed on the 
gate electrodes and the impurity-doped regions so that the contact resistance of the 
semiconductor device is substantially reduced. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made herein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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